Background: Previous research has described general injury patterns in community-level rugby union, but specific information on time-loss head injuries has not been reported.
Head injuries are of particular interest in all sports because of the potential for concussions and even severe traumatic brain injuries. Rugby union is a contact sport comprising bouts of physical collision, interspersed with intermittent high-intensity running activity. 26 The majority of injuries in rugby are sustained in contact events, 23, 28 many of which include the potential for impacts to the head.
There is general agreement in the available literature that head injuries contribute to a considerable proportion of the overall injury rate, with approximately 16% of all time-loss injuries in the elite game. 29 In community rugby, head injuries account for 24% of all medical attendance injuries 25 and 12% 23 to 16% 17 of all time-loss injuries (1-week or greater absence from match play). Of all head injuries, a concussion is the most commonly reported diagnosis. 4, 17 While there are numerous studies that provide information on head injuries and concussions in the elite men's game, 1, 2, 4, 5, 7, 14 there is only limited information available in community rugby union. In a recent metaanalysis of concussions in rugby union, only 3 studies from below the elite level considered to report the incidence according to appropriate methodological standards were included with a mean of 2.08 concussions per 1000 player match hours. 11 Although some community-level studies have reported the overall incidence of head injuries with limited information for injury diagnosis, there is no literature available that presents more detailed information such as the severity and match events specifically associated with head injuries at this level of rugby. It should also be considered that there is a considerable range of playing standards within men's community rugby, and therefore, differentiation between these levels is warranted. Previous studies have investigated the propensity for specific contact events to cause injuries in both elite- 9 and community-level rugby. 24 These studies demonstrated that illegal tackles returned the highest injury risk per event but also that (legal) tackles accounted for the greatest loss of match time. 9, 24 However, information was only reported for all injury diagnoses combined, and therefore, the community match play contact event with the greatest risk for head injuries is yet to be determined.
The primary aim of this study was to investigate the incidence, nature, and severity of time-loss head injuries in community rugby union match play, with particular reference to concussions. A secondary aim was to determine the risk of head injuries for specific match events.
METHODS

Participants
Senior male first-team squads at English community-level clubs participating in the Rugby Football Union (RFU) league structure within playing levels 3 to 9 were invited to participate in the study. Player demographics for the playing population are presented in Table 1 . During each season, some clubs dropped out from the study if staff left the club or decided to discontinue with data collection during the season. All matches were played over the normal English rugby union season, lasting between September and the following April. To facilitate comparisons across playing levels, clubs were classified as ''semiprofessional'' at RFU levels 3 and 4, which is the highest level of English community rugby; ''amateur'' at RFU levels 5 and 6; and ''recreational'' at RFU levels 7, 8, and 9. It is accepted that these definitions are approximate and that there will be varied practices/ approaches across clubs. Having been provided with information about the study, individual players could opt out from participation by informing club medical staff, who omitted information on that player. Injury management staff did not provide any details of players who opted out. The study received institutional ethics approval.
Injury Reporting
Injury management staff (holding an accredited sports therapist qualification as a minimum) at participating clubs completed and returned injury forms. Any head injury incurred during a first-team match resulting in an absence from participation in match play for 8 days or more from the day of the injury was defined as a ''time-loss'' head injury. This timeloss definition was used because in most community-level teams, the players have infrequent contact with their injury management staff, which may compromise the reporting of injuries of less than 8 days. For the purposes of the current study, concussions were reported by the club injury manager based on his or her own understanding and diagnosis of a concussion. The date of the first match after the injury on which the player was fit enough to be available for selection (whether or not he actually played) was recorded as the return-to-play date, and injury severity was defined by the number of weeks missed. Therefore, the least severe injuries are ''moderate'' (8-28 days' absence) according to the consensus statement for injury definitions and data collection procedures for studies of injuries in rugby. 10 Guidelines for return-to-play protocols after concussions, throughout the data collection period, are included in Table 2 .
For all time-loss injuries, information was recorded on the type, injury event, treatment, time of injury, and severity (number of weeks missed through the injury) using a standard report form. Details on the type of injury were recorded using the Orchard Sports Injury Classification System 22 by the injury management staff in discussions with the player with regard to the inciting event. For 0.5% of all injuries, the inciting event was unknown. Only head injuries incurred during match play at the participating clubs were recorded, and therefore, absences from match play because of injuries incurred through any other activity (including rugby training) were not included.
Match Analysis
Footage from 30 community rugby matches (10 matches from each group) filmed over seasons 2009-2010, 2010-2011, and 2011-2012 was analyzed to determine mean values for the number of contact events occurring within match play at the playing levels described for this study. This match footage was obtained from the same playing levels as those from which the injuries were reported, but the specific matches were not related. This analysis was conducted with the purpose of combining the number of injuries and values for the mean number of contact events per match to determine the risk of injuries per contact event.
Matches were filmed from an elevated position using a video camera (DCR-TRV900E; Sony) mounted on a tripod. 
Data Analysis
Playing positions were grouped as forwards and backs and then subdivided into front row (props and hooker), second row, back row (flankers and No. 8), scrum half, inside back (fly half and centers), and outside back (wings and fullback). Data were combined for all seasons. Injury incidence was recorded as the number of injuries per 1000 player hours of match exposure. Player hours of match exposure was calculated as the following: number of matches 3 number of players per team 3 match duration (hours).
For the propensity (risk per event) calculations, the total number of match play contact events (over the 8797 matches from which the injury data were reported) was estimated by multiplying the mean number over the 30 recorded matches by the number of matches (n = 8797). In addition, the number of injuries was multiplied by 1.93 to account for the fact that 2 teams were always exposed to the risk of injuries from the contact events (which would have resulted in a multiplication factor of 2), but on a small number of occasions, 2 participating teams within this study played each other, and therefore, the injuries for both teams would be reported. 24 The propensity of a contact event to cause a head injury was therefore expressed as the number of injuries for each type of contact per 1000 events.
Differences between groups were determined using a 2-tailed Z test for a comparison of rates. Differences were deemed to be statistically significant if P .05, and 95% CIs were recorded for calculated variables. Player demographic data were nonnormally distributed with unequal group sizes, and therefore, differences between groups were determined using the Kruskal-Wallis test with post hoc analysis using the Mann-Whitney test.
RESULTS
Overall Incidence and Severity
In total, 8797 team games were included in this study, with a mean of 24 games per club per season. Overall, there was a total of 427 head injuries over 175,940 hours of player match exposure. For semiprofessional, amateur, and recreational playing levels, there were 38,120 (1906 matches), 62,200 (3110 matches), and 75,620 (3781 matches) player match hours, resulting in 88, 173, and 166 injuries, respectively. The overall incidence of time-loss head injuries was 2.43 injuries per 1000 player match hours and was higher for the amateur (2.78; 95% CI, 2.37-3.20) compared with recreational (2.20; 95% CI, 1.86-2.53) (P = .032) playing level, and neither was different to the semiprofessional (2.31; 95% CI, 1.83-2.79) playing level (Table 3 ). There were 256 reported concussions with an overall incidence of 1.46 injuries per 1000 player match hours, with no difference between playing levels ( Table 3 ). The mean number of weeks missed per head injury for all playing levels combined was 4.8 (95% CI, 4.3-5.3) (median, 3) for all head injuries and 3.6 (95% CI, 3.2-4.0) (median, 3) for concussions. There was no difference between playing levels for the number of weeks missed due to all head injuries or concussions. Of all reported concussion injuries, 24% The International Rugby Board did not prescribe a stand-down period, and every case was judged on its own merits with graduated return to play started once the player was symptom free. Therefore, a player could have returned within 6 days. March 2014 to present Any player outside of the enhanced care setting (accounting for the vast majority of community-level players) could not return to play in less than 19 days.
of players returned after 2 weeks, 35% returned after 3 weeks, and 35% missed more than 3 weeks. No return-toplay date was reported for 6% of all concussions. There was 1 head injury in every 21 team games or 1 in every 10 matches involving 2 teams. There was 1 concussion in every 34 team games or 1 in every 17 matches. There was a higher incidence in season 2014-2015 compared with all other seasons for both all head injuries and concussions (all P \ .05) and in 2013-2014 compared with 2011-2012 for all head injuries (P = .038) and compared with 2010-2011 for concussions (P = .023) ( Table 4 ).
Injury Diagnoses
Concussion was the most commonly reported time-loss head injury, accounting for 60% of all head injuries, followed by fractures (15%) and then lacerations/abrasions (12%) ( Table 5 ). The most severe injuries (ie, those resulting in the highest mean number of weeks missed) were fractures. When combining the incidence of injuries and weeks missed (injury burden), 5.2 and 3.5 weeks per 1000 player match hours were missed for concussions and fractures, respectively. For 88% of all time-loss head injuries, the player was removed from play at the time of the injury, while players diagnosed with a concussion were removed at the time of the injury for 90% of injuries. Four percent of all concussions were reported as recurrences of previous concussion injuries, although the time delay between the injuries was not available for analysis.
Injury Events
All head injuries were attributed to contact events (Appendix Table A1 , available at http://ajsm.sagepub.com/supplemental). In total, 64% were sustained during a tackle (1.56 injuries per 1000 player match hours; 95% CI, 1.38-1.75), including both being tackled (0.60; 95% CI, 0.49-0.72) and tackling another player (0.78; 95% CI, 0.65-0.91), along with illegal collision tackles (0.18; 95% CI, 0.12-0.24). Foul play, including punching, head butting, and eye gouging, was associated with 11% of head injuries. Most concussions were associated with tackling (38%) and being tackled (36%) (both legal and illegal collision tackles). 
Player Position
Timing of Injuries
There were significantly fewer head injuries in the first and third match quarters compared with the second and fourth quarters (Table 6 ). There were also fewer concussions in the first match quarter compared with the second and fourth quarters. There was no difference in the severity of injuries between different match quarters. There was no difference in the incidence of concussions over the course of the season.
Risk of Injury by Match Contact Event
There was an overall injury risk of 0.25 injuries per 1000 contact events and a significantly greater risk in amateur matches (0.29 injuries per 1000 events; 95% CI, 0.26-0.32) compared with semiprofessional matches (0.22 injuries per 1000 events; 95% CI, 0.19-0.26) (P = .008) but no difference compared with recreational matches (0.25 injuries per 1000 events; 95% CI, 0.22-0.28). The overall risk of concussions per contact event was 0.15 concussions per 1000 contact events, with no difference between the different playing levels.
For all groups combined, the propensity for a contact event to result in injuries was greatest for collision tackles (Table 7 ) at 4.90 head injuries per 1000 events, with the risk being highest for the tackled player in the collision. There was a significantly greater risk of injuries per legal tackle compared with all other contact events (apart from collision tackles), but the risk was not different for the tackled or tackling player (Table 7 ).
DISCUSSION
We investigated the incidence, severity, and nature of time-loss head injuries in community-level rugby with a specific focus on concussion injuries. The incidence of match-related time-loss head injuries of 8 days' or greater absence was found to be 2.43 per 1000 player match hours (12% of all injuries), with a mean severity of 4.8 weeks' absence. Reported concussions accounted for 60% (1.46 per 1000 player match hours) of all time-loss head injuries with a mean 3.6 weeks of absence. Most head injuries were incurred during a tackle, with the illegal collision tackle in particular being the highest risk contact event in terms of injuries per event.
The overall incidence of 2.43 head injuries per 1000 player match hours in the current study is comparable with that of 1.7 per 1000 players hours in Australian amateur-grade rugby 19 but lower than previous studies reporting head injuries in professional 15 and international rugby. 29 This finding supports the largely accepted view that in rugby union, overall injury rates are higher for higher playing levels, 3, 21, 23 a pattern that was also identified previously between playing levels in English community rugby for both overall time-loss 23 and match-play medical attention injuries. 25 While these different injury patterns have been attributed to a greater frequency 9, 24 and intensity of contact events in higher level rugby, 3 in the current study, there was a higher incidence of timeloss head injuries in amateur compared with semiprofessional playing levels, despite there being fewer contact events during the match. This finding may be caused, in part, by players at a higher level having greater technical proficiency in the tackle, better physical conditioning, and possibly better access to medical support to facilitate an earlier return to play.
The most common head injury diagnosis in the current study was a concussion, accounting for 60% of all head injuries and an incidence of 1.46 per 1000 player match hours. This incidence is slightly lower compared with that in other community rugby studies, with equivalent concussion time-loss injury definitions of 2.2 28 and 1.7, 17 but higher than that in another study of male senior players reporting 0.8 per 1000 player match hours. 19 In a study of Australian nonprofessional players, the incidence of concussions (defined as mild traumatic brain injuries) was shown to be 7.97 per 1000 player game hours when the definition included non-time-loss injuries. 12 The variation in the concussion incidence in studies of community rugby can be attributed to a number of factors including the diverse levels of play, variations in the medical support provided to players between studies, and the concussion definition. 11 It is likely that the concussion incidence in the current study is a minimum estimate with a possibility that these injuries are underreported in community rugby union through a lack of player awareness and/or unwillingness of players to report symptoms to club staff. Evidence for this includes a study of 172 players who were asked to retrospectively self-report sustained concussions over a season, with 45% reporting at least 1 concussion. 6 However, only 47% of these concussions were reported to club medical staff, suggesting that data collected in prospective studies that rely on data capture by medical staff are prone to underreporting of this specific injury. A previous study has shown that compliance with return-to-play regulations was low in community rugby union players, 13 and therefore, it cannot be discounted that for some players, a concussion may have been recognized but that the player returned to play in the next match. We have shown previously that the incidence of match-play medical attendances for head lacerations, contusions, and neural injuries combined was 45 attendances per 1000 player hours. 25 This finding is noteworthy in the current context because it demonstrates a large discrepancy between the incidence of seemingly minor (usually non-time-loss) injuries and those injuries captured in the current study (8 days' or greater absence), thus highlighting the fact that pitchside medical staff should be vigilant to the signs of a concussion. It should also be considered that in some cases, the outward signs of injuries such as lacerations or fractures may conceal the less obvious signs of a neurological disturbance related to concussions.
The incidence of reported concussions in professional rugby has increased in recent seasons (5.1 per 1000 match hours in 2011-2012 to 10.7 per 1000 match hours in 2013-2014), 16 and this has been largely attributed to increased awareness of issues surrounding concussions. 5 The concussion incidence in the most recent season of the current study was significantly higher than in all earlier seasons and coincides with recent media interest and increased educational activity through the RFU Headcase program, which was launched in January 2013 to promote concussion education and resources across all levels of the English game. 27 Given the raised level of awareness, this finding is most likely to be caused by better understanding and diagnosis by both players and medical staff, for example, the player not having to lose consciousness to be diagnosed. While it is possible that a change in the physical demands of the game may also be responsible for an increased concussion risk, this explanation is more difficult to assess given that there is no evidence to support a change in the match demands at this level of rugby over 1 season. Ongoing work will be required to identify whether the incidence of reported concussions continues to increase in future seasons and try to determine whether this is caused by greater awareness or changes in the risk associated with playing the game.
The overall mean of 3.6 weeks missed and 3 weeks' or more absence for 70% of concussions in the current study relate closely to the recommended stand-down time of 3 weeks mandated by the International Rugby Board (the international federation for rugby, now called World Rugby) until 2010. Another 24% of all concussed players returned after 2 weeks (14 days), which is feasible within the regulations in force for much of the current study period that permitted the player to return at any point if he were symptom free and had followed the graduated return-to-play protocol. 18 However, guidelines introduced in March 2014 27 state that the earliest that an adult player can return to play is 19 days after a concussion unless the player has access to an enhanced care setting, which is normally only available to professional players. Therefore, it would be expected that in future seasons, the proportion of community-level players returning to play in less than 19 days will be small. Ongoing work will assess whether concussion education programs such as the ''Recognise and Remove'' campaign promoted through RFU Headcase 27 and World Rugby Player Welfare 30 influence both the incidence and duration of player absences for concussions in future seasons.
The tackle was the primary contact event associated with head injuries and specifically concussions, which is a common finding in the literature. 3, 17 This is not surprising given that this is also the most common contact event during match play, 24 but our analysis also shows that the risk of injuries per tackle (injuries per 1000 events) was higher than any other contact event. It is beyond the scope of the current study to identify which specific aspects of the tackle result in head injuries, but a previous study showed that head/neck injuries in elite-level players were most likely when this was the principal site of contact during a tackle 8 and particularly when the tackler's head contacted the ball carrier's lower leg. 20 These findings suggest that players adopting the appropriate head position during a tackle (to the side, allowing the shoulder to make contact) should be an effective measure for reducing the risk of head injuries. 20 It is of note that by far, the greatest risk of head injuries per event in the current study was specifically for ball carriers in collision tackles, which are instances when the tackling player stops the ball carrier without use of the arms. These tackles are illegal, and our data highlight the need for strict officiating in relation to these high-risk events. Using a sample of 30 matches to estimate the number of match events for all matches may potentially introduce some bias. However, it would be expected that this sample provides an acceptable representation of match events at this level of community rugby given that the 95% CIs for all contact events were small for all groups combined and were sufficient to show differences between playing levels (Appendix Table A2 , available online).
CONCLUSION
This study shows that concussions account for the majority of time-loss head injuries in English community rugby. Concussion regulations introduced at the end of the currently studied period state that the minimum stand-down period for a player outside of the enhanced care setting is now 19 days, and therefore, future studies should demonstrate a substantial reduction from the 24% of players returning within this period in the current study. Given that the current incidence is likely to be a minimum estimate and the potential short-, medium-, and long-term neurological implications for repeated concussion injuries, continued education for medical staff, coaches, and players on the identification and management for head injuries, particularly concussions, is essential. With most head injuries associated with the tackle, a good technique in this event may be effective in reducing these injuries.
